Soils are the keystone of healthy and vibrant ecosystems, providing physical, chemical, and biological substrates and functions necessary to support life. In particular, it's the extensive and elaborate matrix of soil microorganisms and other life forms that contributes to soil health and utility.
But soils are under constant threat from heavy use, changing climate, and in some cases poor management (1, 2). In view of soil's key role and threatened status, we believe that there is a need for the scientific community to undertake coordinated research and development efforts that will lead to a unique asset: a National Living Soil Repository (Fig. 1) .
Already local and national soil archives have been shown to be of great utility for studying, analyzing, and documenting long-term environmental and ecological trends. For example, the historical soil archive at Hubbard Brook helped researchers discover the link between fossil fuels and acidification of rain and snow (3); the Rothamsted Sample Archive in the United Kingdom has shown a steady increase in dioxins during the last century (4) . And yet, a soil repository/archive designed to preserve native biological diversity does not currently exist.
Such an archive would provide the ability to acquire data on the current biological (e.g., soil health) state of soils around the country across soil types, cropping systems, and ecosystems and over time. Further, by maintaining soil archives and a catalog of their microbial communities, we will gain a better understanding of how soil organisms are distributed throughout the world, which could provide valuable insight into limitations on crop survival and production as new soils and/or locations are cultivated.
Crucial Resource
It is becoming increasingly clear that soil microbes play significant roles in plant tolerance to stress (5) . A repository of these microbes in their parent substrate would be critical for examining the influence of soil microbes on plant stress resilience in future environmental stress conditions. Given that soil microbes constitute such a significant portion of the genetic diversity in any ecosystem, they may be key to understanding how genetics, environment, and management practices interact to affect plant growth and ecosystem function-whether for future food production or ecosystem service benefits or to maximize soil productivity with reduced inputs for sustainable agriculture. We propose that soil biology should also be included, because it contributes directly to both the genetic component contributing to plant function and the environment through modulation of the soil environment.
It's not clear how many small and/or private soil collections are in existence around the world, but two of the largest public national soil archives at the James Hutton Institute (Aberdeen, Scotland) and CSIRO National Soil Archive (Black Mountain, Australia) do not focus on the preservation and storage of soils in a manner that maintains microbial viability. A National Living Soil Repository, which aims to not only store soil but also maintain microbial viability, offers a unique opportunity for microbial biochemistry mining and DNA mining.
Although genome sizes vary greatly among soil bacteria, a typical bacterial cell has approximately 4,000 genes (6), resulting in more than 10 12 bacterial genes in a single gram of soil alone. Through careful cataloging, annotation, and preservation, this genetic reservoir could be accessed much like current plant and animal germplasm repositories, hence providing the genetic material for addressing new challenges in agriculture.
There has been much debate on the effect of storage conditions on bacterial community composition. Lauber et al. (7) suggest that short-term storage has little impact on DNA-based assessments of community structure. However, soil preservation should focus not only on storing soil microbial DNA but also on the functional state and viability of soil microbes. In this regard, Clark and Hirsch (8) analyzed air-dried soil samples collected in 1843 from the Broadbalk field experiment on crop nutrition and found that DNA could still be extracted from these soils although microbial viability was greatly reduced. Furthermore, air drying may shift the microbial activity toward more drought-resistant groups, such as Firmicutes (9) .
Thus, future research should investigate soil sample stabilization methods (e.g., flash-freezing, lyophilization, etc.) that not only preserve the soil microbial community in its natural state but also its recoverability at a later date. And because only 1% of microbes can be cultured with the use of current techniques (e.g., those discussed in ref. 6) , it is important to preserve the soil microbial community in its native state for future research as new technologies for culturing and/or in situ assessment continue to be developed.
A Multitude of Uses
The techniques used to measure soil microbial community structure and function are constantly evolving. Next-generation sequencing has had a major impact on our ability to quantify the structure and function of soil microbes. As these technologies continue to advance, soil archives that include both living samples and the appropriate metadata can be utilized to address long-term changes in genetic structure. A soil archive that preserves viable soil microbes is uniquely suited for identifying changes in individual microbial strain functions and genetic composition over timeespecially because many analyses are currently not routinely performed because of both cost and technological limitations.
For example, plasmids are the genetic source of many important bacterial functions (e.g., antibiotic resistance and pathogenicity), and conjugative transfer of plasmids has been observed in soils (10) . However, the majority of soil microbial community studies currently ignores plasmids and focuses only on analyses of genomic DNA and often a single gene, such as the ribosomal RNA gene. Even more recently, research in the nascent field of epigenetics has shown that plant markers, such as DNA methylation, are influenced by environmental factors (11) . Yet, we are unaware of any studies that have assessed the role of epigenetics in a system with the complexity of organisms found in soil. Rapid advances in technology may eventually prove to be useful for the analysis of epigenetics in bacterial populations. Natural soil microbes have been shown to play key roles in engineered industrial processes such as bioenergy (12) and bioremediation (13) , as well as contributing to agricultural productivity by modulating disease (14) , increasing plant tolerance to abiotic stress (15) , and nutrient cycling (16) . A living soil repository would preserve genetic diversity as a national asset and serve as a research tool to document baseline changes in soil health, genetic variability, gene function, and population diversity over time.
Recent reports call soil health a national priority and cite an urgent need for soil health-enhancing options for production management and agriculturalpractice risk reduction across our agroecosystems (17, 18) . Developing the capacity to store samples across key agroecological systems, soil orders, cropping systems, and various combinations of weather, soil types, and crops will allow us to preserve the current soil health status while conducting research that advances soil management practices, promotes soil biological diversity, and helps ensure that we don't lose the biological diversity of productive soil. We must also determine the changes in soil biology for some agricultural systems by identifying, for example, antibiotic-resistant bacteria in animal-production feedlots and antimicrobial-resistance genes found in some manure-treated soil systems.
Recent ecological system restoration efforts have shown that the soil microbial community is a key component in plant survival and successful restoration efforts (19) . Furthermore, the application of soil inocula not only promotes ecosystem restoration but can also alter the fate of plant community development toward different target communities, varying from grassland to heathland vegetation (20) . For example, A living soil repository would preserve genetic diversity as a national asset and serve as a research tool to document baseline changes in soil health, genetic variability, gene function, and population diversity over time. Wubs et al. (20) 
Although such a method is not possible with the use of smaller samples that might be stored in repositories, soil slurries obtained from smaller samples, such as those that may be stored in a soil bank, can be applied to soils, and these slurries reduce herbivore feeding (21) ; similarly, such slurries applied to soils have been shown to promote drought tolerance in plants (22) . For these reasons, we propose that research efforts investigate how to optimize the augmentation and/or amplification of a soil slurry approach, where such slurries can serve as a future means of promoting soil health and productivity in degraded systems.
Refining a Research Tool
Because maintaining biological integrity and activity has not been the primary focus of previous soil archives, several research questions must first be addressed to identify storage methods that maintain microbial diversity and its genetic information in a natural state. We, as a research community, will have to investigate and devise strategies for sampling, handling, and preserving. Spatial and temporal variations are important aspects to be considered when designing sampling approaches and capturing biological diversity in a given soil system (23) .
We must determine the best ways to effectively and economically establish a living soil repository. One strategy is to establish a repository based on a tiered approach that provides the samples, data, and services to the scientific and public community, while organizers remain cognizant of external factors, such as funding levels and stability, and how they affect the capacity of the soil archive.
High-priority "tier 1" samples could be acquired from long-term agricultural and natural field sites [e.g., United States Department of Agriculture (USDA) Long-Term Agroecosystem Research sites, National Science Foundation National Ecological Observatory Network sites, etc.] that currently have a wealth of related data and information (e.g., management, climate, etc.) and/or systematic national surveys of particular relevance to soil health (e.g., National Soil Health Assessment, Soil Health Institute 2017). "Tier 2" samples could be acquired from sites that possess unique characteristics that are not already represented in the tier 1-based living soil repository (e.g., soil and cropping types, disease suppressive soils, etc.). Future "tier 3" samples, the lowest priority, could be acquired from small-scale research plots or trials or natural environments. This tiered or phased approach would be one way to develop a living soil repository that addresses high-value samples while remaining cost conscious.
A national repository of soil biological samples complete with corresponding metadata about management practices and history of the original samples, including site, weather, and other chemical and physical soil properties, would help determine what samples should be made a high priority. This might contribute to the development of new industries focused on developing new management practices (e.g., soil biological amendments) that could improve soil health and productivity, which could contribute to land reclamation, soil and water conservation, and other benefits. It could also contribute to the development and/or improvement of models to assess soil health. The soil biological and metadata should be connected to current and/or new chemical, physical, and biological database systems (e.g., GRACEnet, NUOnet, and BIOnet) and new analytical software (e.g., myPhyloDB), with all databases being open access so that researchers and members of the public can more easily develop and calibrate new tools and products and contribute to the improvement of modeling tools used for assessing agricultural productivity, conducting environmental assessments, conducting research, and teaching.
Although the soil amounts that can be stored will be finite, research efforts should be conducted to evaluate ways to amplify soil community members in a nonbiased manner. These efforts should include both DNA samples (i.e., an unlimited supply for subsequent analyses) and cultivable microbes (i.e., the source of biological material). Particularly for the latter, research is needed to develop novel culturing techniques that can be used to target the widest array of microbial taxa as possible-and ideally, "amplify" the entire living biological complexity of a soil in a nonbiased manner. Until such research is conducted and the methods and results evaluated, we propose that some soil, however, should always be retained until unbiased methods are developed to "regrow" the extant soil community members.
Soils, and the living biodiversity contained in soils, are vital to functioning terrestrial ecosystems. Although there is much debate about the long-term fate of soil biodiversity, it is increasingly clear that the genetic diversity in soils is highly dynamic and a key contributor of the genetic material necessary for ecosystem functioning. A national living soil repository would help preserve genetic diversity as a national asset and would serve as a research tool to document baseline changes in genetic variability, gene function, and population diversity over time.
As envisioned, such a living soil repository will not only preserve soils and their living biological communities in their current state but also (i) enable opportunities to use revived soil samples for future agricultural enhancement needs and (ii) enable research on the changes in soils over time and under varied management For all these reasons, a living soil repository is an investment in our future-one that enhances the scientific community's ability to advance soil health research and agricultural sustainability.
practices, allowing for the investigation of interactions between soil microbial composition and changes in agricultural productivity.
For all these reasons, a living soil repository is an investment in our future-one that enhances the scientific community's ability to advance soil health research and agricultural sustainability.
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